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RADIOALTIMETERFORUSEINA METHOD

OFAIRSPEEDCALIBRATION

ByJimRogersThmpsonandMaxC.Kurbjun

Theaccuracyofanaircraftradioaltimeterhasbeenevaluatedfor
useina methodofairspeedcalibrationdifferingfromtheradar-
phototheodolitemethodofNACARep.985onlyinthatthegeometricalti-
tudeisobtainedfromanaircraftradioaltimeter.Theaccuracyofthe
radioaltimeterused(SCR-718-C)wasfoundtobeofthessmeorderas
thatoftheNACAradarphototheodoliteunitduringsimulatedcalibration
msneuvers;thus,theaccuracyofairspeedcalibrationsbythetwomethods
shouldbesimilar.

Itisbelievedthatthemethodprovidesa rapidandconvenientmeans
forcalibratingtheairspeedsystemsofhigh-performanceaircraft.The
methodhasthedisadvantagethatthetests
bodyofwater.

INTRODUCTION

mustbeperformedovera large

TheadventofaircraftthatattaintheirmaXLmumperformanceat
highaltitudessndtheirregularitiescomontomanytypesofairspeed
installationsattransonicspeedshaveccmthedtorenderinadequate
forsuchaircraftthemethodsofairspeedcalibrationdescribedinref-
erence1. Theradarmethod,presentedinreference2,providesanade-
quatesolutionoftheproblembutrequirescomplicatedsndexpensive
fixedgroundequipmentwhichisnotgenerallyavailable.Italsorequires
laboriouscalculationsforthedatareductionandlimLtstestingto
excellentvisibilityconditionsina smallfixedarea.Morerecently,
twomethodsofairspeedcalibrationhavebeeninvestigatedwhichutilize
measurementsoftemperaturesndlongitudinalacceleration,respectively.
Thesemethods,whicharedescribedinreferences3 and4,havethe
advantageofalluwingaLlthenecessaryequipmenttobeplacedwithin
thetestairplanebuthavethedisadvantageofreqpiringextremelysen-
sitiveinstrumentswhichmaynotbegenerallyavailable.Themethodof
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referencek also@acesrestrictionsontheairplaneflightpathand
thatofreference3 requirestheexistenceofatmosphericconditions
whichoccurinfrequently.

Thepurposeofthepresentpaperistoevaluatetheaccuracyofan
aircraftradioaltimeterforuseinamethodofairspeedcalibration
differingfromtheradarmethodofreference2 onlyinthatthegeomet-
ricaltitudeismeasuredlyanaircraftradioaltimeterratherthanby
a groundradartrackinginstallation.Themethodhastheobviousadvau-
tsgesthatthenecessaryequi~ntisreadilyavailableandiscompletely
containedwithintheairplane,audthedesiredqpantityismeasured
directly.Themethodslsohasthe.obviousdisadvantagethata level
groundreferenceplaneisrequired,withtheresultthattheapplication
ofthemethodiseffectivelyrestrictedtoflightoverlargebodiesof
water.Ofcourse,bothmethodsreqpiretheknowledgeofatleastone
pointontheairspeedcalibration(preferablyata suitableclimbing
speed)whichisusuallyobtainedbythemethodofreference1.

Theevaluationofthemethodpresentedhereinisbasedontheresults
offlighttestsinwhichthealtitudeindicatedbyanaircraftradio
altimeterwascomparedwiththatgivenbytheNACArad=phototheodolite
unitforawiderangeoffLLghtconditionswhicharethoughttoinclude
thosethatwouldbeencounteredinanairspeedcalibrationofa tran-
Sonicairplaue.

Aircraftradioaltimeter.-Auaircraftratioal.theter,AN*e SCR-
718-c,wasusedinthetestsreportedherein.ThebasicSCR-718unitwas
&e16pedearlyinWorldWarIIandhasbeenextensivelyusedbythe
militaryservices.Thisaltimeterisa pulsetypeoperatingata fre-
quencyofabout~ megacyclesandhavinga nominalrangeofO to
50,000feet.Thegeometricaltitudeisindicatedbya pulseappearing
ona circulartraceonthefaceofa cathode-raytube.Thesystemis
arrangedsothatonerevolutionofthealtitudepulsecorrespondstoa
changeinaltitudeof5,000feet.A switchingarrangementisprovided
toreducethescalebya factorof10 (thatis,onerevolutimfor
50,000feet);however,thisprovisionisseldomusedinpracticeandwas
notusedinthetestsreportedherein.Theonlymodificationsmadeto
thealtimetersystemweretheadditionofa referencescaletothegain
control(sothatsettingscouldberepeatedaccurately)andreplacement
ofthegreenindicatortubewithablueoneforphotographicreasons.

Installationofradioaltimeter.-Theradioaltimeterwasinstalled
ina two-placefighter-typeairplaneinaccordancewiththkrecommenda-
tionsofreference5. Theindicatorunit(about7 by7 by13inches,
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10pounds)wasmountedinfrontofthecopilot’sinstrumentpanelas
showninfigure1 sothatitcouldbeobservedduringthetests.An
aircraftguncamerawasmountedabovethecopilot’sleftshoulderto
photographtheindicator.Becauseofthehighlightlevelprevalent
inthecockpit,a removabletubularshieldwasprovidedbetweenthe
cemeraandindicator(notshowninfig.1).

Thetransmitter-receiverunit(about8 by9 by16 inches,12pounds)
wasmountedintheradiocompartment.Theremainingpiecesofequipment
required,thetransdttingandreceivingantennas,weremountedonthe
lowersurfaceoftherightfuselege(fig.2). ThisinstsJ.lation
(antennasinline)wasselectedfromreference5 asbeingthemostcon-
venientfortheairplaneused.

Instrumentation.- TheairplanewasfittedwithstandardNACA
recordinginstrumentsmeasuringtotalandstaticpressuresatthepitot-
statictube,normalacceleration,pitchangle,bsnkangle,andfree-air
temperature.Theseinstrukntsweresynchronizedwitheachotherand
withthecameraphotographingtheradio-altimeterindicatorbymeansof
a commontimingcircuit.- si~s werealsotransmittedbyradio
totheNACAradarphototheodoliteunitforsynchronizationoftheground
andairplanedata.TheNM2Aradarphototheodolite,whichconsistsof
auSCR-584radaraircrafttrackingunitmodifiedbytheadditionof
fixedaztithandelevatorscales,a long-focal-lengthtargetcemera,
anda photographicrecordingsystemisdescribedinreference2.

TESTPROCECXJRE

Theflightprogramwasselectedtoduplicatethecalibrationpro-
cedurerecommendedinreference2 and,inaddition;toincludeconditions
whichtightbecriticalfortheradioaltimeter.Theprincipalfactors
whichmightaffecttheaccuracyoftheradioaltimeterarethepitchand
rollattitudes(becauseofthe&Lrectionalcharacteristicsoftheantenna
system),thereceivergainsetting,andthezerosetting.

Thef~ghtprogramwasasfollows:

(1)Duringclimb,pressure-surveypointswererecordedat500-foot
intervalsfrom5(X)to20,000feetandat1,000-footintervalsfrm
20,000to30,000feet.

(2)Windup-turnmaneuversstartingat29,000feetwereperformedto
attainbankanglesapproaching90°andpush-duwn,pti-up,push-down
maneuverswereperformedtoreachsteepdiveandclinibattitudes.

(3) ~ a mannersimilartoitem(1),pressure-surveypointswere
recordedina descentto15,000feet.
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(4)MsneuverssinrLlartothoseinitem(2)wererepeatedat
14,000feetand,inaddition,a seriesoflevelrunsweremadeatdif.
ferentg- settings.

(5) ma *sCmtto 500feet,pressure-surveypofitswererecorded
at1,000-footintervals.

Theradioaltimeterwasoperatedinaccordancewiththerecommenda-
tionsofreference5 exceptforthegaincontrolsetting.I* (1)>(3)}
and(5) andonerunofeachtypeinitems(2)and(4)wereperformedat
“normal”gain(thatis,thegainrequiredtoproduceanaltitudesignal
pipabout0.25tnchhigh).Therembingrunsofitems(2)and(4)were
perfozmedatdifferentgainsettings?&cmnormalinordertoestablish
theeffectofgainsetting.Thetranamttteroutputandreceiversensi-
tivitywerecheckedbeforeaudafterflightbytheprocedurerecommended
inreference5 andwerefoundtobewithintbeUnitstherespecified.

TheflQrttestswereperformedovertheAtlanticOceantothe
southeastoftheradarphottiheodoliteunitoftheLangleyPilotless
AircraftRese=chStationatWallopsIsland,Va.

DATAREDUCTIONANDRESULTS

Thevariationofgeometricaltitudetithtimeduringeachofthe
testrunswasestablishedbyfairingthealtitudeobtainedfromthe
radarphototheodoliteunitinamannerconsistentwiththeaccelerations
recordedintheairplane.Theradar-phototheodolitedatawerecorrected
asrecommendedinreference2 foratmosphericrefraction,thecurvature
oftheearth,andtheelevationoftheunitabovemeansealevel.Approxi-
mately90percentoftheindividualpoints(whichweretakenatl-seccmd
intervals)differedfromthefairingbylessthan20feet.TIEnominal
maximumuncertaintyofeachradar-phototheodolitepointfortheaverage
conditionsencounteredisgivenbyreference2 asabout~ feet.

Theindicationsoftheradioaltimeterwerereadatintervalsof
about1/2secondthroughouteachrun&rana projectimofthephotograph
slightlylargerthantheactual.sizeoftheinstrument.A tracingofa
typicalphotographispresentedasfigure3. Asthescalegraduations
ontbefaceofthetubedonotshowinthephotographsandinorderto
correctforerrorsincenteringtheindicatingcircleonthescale,it
isconvenienttoreadthealtitudebymeausofamovabletransparent
gridmsrkedwiththescaleandwithseveralconcentriccircles.The
grid(alsoshuwninfig.3)iscenteredonthecirculartracethrough
useoftheconcentriccircleswiththezeromarkat.thepotntofemer-
genceofthereferencepulse.Theindicatedaltitudeisreadonthe
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scaleatthepointofemergenceofthealtitudepulse.Thisprocedure
automaticallyaccountsforanydriftofthereferencepulsewhichmight
occur;however,inthepresenttests(andinotherunreportedtestsin
whichtheinstrumentwasused)nodriftofthereferencepulsewas
observed.Theheightofthealtitudepulse(anindicationofthe
receivedsignalstrength)wasalsomeasuredformostoftheruns.

Thedifferencebetweentheindicationoftheradioaltimeterand
thevalueofgeometricaltitudetakenfrm thefairingoftheradar-
phototheodolitedataatthesametimeishereinafterconsideredtobe
theerroroftheradioaltimeter.Theensembleoferrorvaluesthus
determinedispresentedinstatisticalfozmintableI,togetherwith
pertinentflightconditionsforeachrun.

DISCUSSION

Accuracyofradioaltimeterduringpressuresurveyandinlevel
flight.-TheresultsgivenintableI f~rthepressure-surveyandlevel-
flightrunsshowvaluesofmeanerrorX rangingfrom-25to42feet
withstandarddeviationsrangingupto30feet.Bothvaluesaxeslightly
largerforthepressure-surveypointsthanforthelevelruns,possibly
becauseofthefactthateachofthesurveypotitswasbasedona single
radar-phototheodolitereadingratherthenona fairingofseveralreadings
aswasthecsseinthelatterruns.

Theaccuracyfortheradioaltimeter,asindicatedinreference5
andothersources,is~25feet* 0.25percentoftheindicatedaltitude.
Thepressure-surveydataarecomparedwiththeselimitsinfigure4,
whichshowsthevariationofthealtimetererrorwithindicatedaltitude.
uthoughtheerrorisconsistentlypositive(X= 42feet),itisevident
thatthereisnoconsistenttrendoftheerrorwithaltitudeandthat
over75percentofthepointsliewithinthespecifiedrauge.E the
limitsareappliedaboutthemeanvalue,93percentofthepointslie
withinthespecifiedrange.

Effectofgainsetting.-Reference5 recomendGthatthegainbe
adjustedsothatthealtitudepipisabout0.25inchhigh(seefig.3).
Theamountofgainreqyiredtofulfillthisconditionisshownin
figure5 asa functionofaltitude.(Thegain-controlscaleisarbi-
trary,zerocorrespondingtooffand10tomaximumgain.) Thevalues
ofmeanerrorandstandarddeviationgivenIntableI donotshowsig-
nificantvariationswhenrunsdifferingonlyingainsettingarecompared.
Itisthereforeconcludedthat,withintheaccuracyofthesemeasurements,
theerroroftheradioaltimeterisunaffectedbythegainsettingpro-
videdthatsufficientgainisusedtoproducea readablealtitudepulse.
~ theopinionoftheauthors,thepointofemergenceofa largesignal
~ bereadmoreeasilysndaccuratelythanthatofa smallsignal.
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Effectofairplaneattitude.-ExsminationoftableI revealsthat,
atnormalgainsettingsthealtimetergivesreadablesignalsuptoatti-
tudeanglesofabout806rolland@o pitch.Thealtimetererrorsgiven
intableI showthatthemeanerrorandstandarddeviationae only
slightlydecreasedwhenthedataarerestrictedtoa limitedanglerange.
Thisresultconfirmsthestatementmadeintheprevioussectionthatthe
errorispracticallyindependentofthegainsetting(orsignalstrength).
Thesignalstrengthdoestendtodecreasewithticreasingbankorpitch
angle,however,and,inthecaseofthepull-up,push-downmaneuvers,
reachessucha lowvaluethatthesignalsbecomeunreadable.~ both
thebankandpitchcases,thesigmlstrengthathighanglesismarkedly
increasedbyanincreaseingainsettingsothatthedestiabilityof
operatingtheequipmentata highgainisindicated.

Theresultthattheangularlhit inrollishigherthanthatin
pitchispredictedbysimpleantennatheory.Theoryindicatesthatfor
anisolateddipolethesignalstrengthisconstantperpendiculartothe
axis(rolldirectionforpresentinstallation)anddecreasestozeroas
theaxialdirectionisapproached.Theairplanesurfaceonwhichthe
antennaismounted,however,servesasa reflectorand(forproper
spacing)dmiblesthesignalstrengthinthedirectionnormaltothe
reflector,leavesthesigryil.strengthunchsagedonthesides,and
reducesittozerobehindthereflector.Reference5 recommendsthat
theantennabeinstsUedonflatsurfacesatleast2 feetsquare.The
bottomofthefuselageonwhichtheantennaswereinstalledforthe
presenttestsisconsiderablynarrowerthantherecommendedvalueand
issharplycurvedawayfromtheantennas.Thus,theperformanceofthe
presentinstallationisprobablylessthauoptimum.

Estimatedaccuracyofairspeedcalibration.-Theprecedingmateriel
indicatesthatthearithmeticmeanofthealtimetererrorforthesev-
eral.flightsscatterswithinabout@ feetendthestandarddeviation
oftheindividualpointsofeachruuisabout.~ feet.Theseerrorsare
onlyslightlygreaterthanthosetobeexpectedfrcmtheradarphoto-
theodoliteunit(seeref.2);thus,theaccuracyofcalibratimsmade
bythetwomethodsshouldbeofthesameorder.Itshouldbenoted,
however,thattheerroroftheairspeedcalibrationisnotdependenton
theabsoluteaccuracyofthegeometricaltitudebutontherepeatability
ofthealtitudeindicationbetweenthesurveyandthetestrun.The
repeatabilityisindicatedinthesedatabythescatierofthearith-
meticmeans.A largepartoftheerrorsassociatedwiththestandard-
deviationvaluesgivenmayberemovedfromthefinalcalibrationby
fairingifsufficientdataareavailable.

Theaccuracyoftheairspeedctibrationis,ofcourse,alsoa
functionoftheaccuracyofthepressureinstrument used.Forexmple,
theaccuracyofconventionalpressurerecordersisusuallyestimatedto

.
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beoftheorderof0.25percentoffullscalewhich,fora full-range
instrument,correspondstoabout1 inchofwater.Thispressureuncer-
taintycorrespondstoaboutILOfeetatanaltitudeof15,000feetand
about180feetatanaltitudeof30,000feet.Thesevaluesarethe
absoluteuncertainties;however,asinthecaseofthegemetricaltit-
ude,thecalibrationuncertaintydependsonlyontherepeatability,
whichiss-hat lessthantheabsoluteuncertainty.Theeffectof
thepressureuncertaintyfortheexamplegivenislsmgerthanthatof
thegeometric-altitudeuncertaintybyanamountwhichincreasesrapidly
asthealtitudeisincreased.Useofmoreaccuratepressureinstruments
will,ofcourse,increasethealtitudeatwhichtheerrorsareofthe
ssmeorder;huwever,thetrendoftherespectiveerrorswithaltitude
willremainthesame.

Itshouldbenotedthat,forvariationsofthemethodofrefer-
ence2 inwhichthesurveyisobtainedbyothermeans(forexample,
radiosonde),theabsoluteaccuraciesofbothsetsofpressureandgeo-

rumentsareinvolvedratherthantherepeatabilitymetric-altitudeinst
ruments.ofonesetofinst Obviously,muchmoreaccurateinstruments

mustbeusedbothintheairplaneandforthesurveydeviceinorderto
obtdna calibrationofaccuracycomparablewiththatobtainedwhenthe
surveyismadebythetestairplane.

Theaccuracyofauairspeedcalibrationbasedonmeasurementsof
pressureandgemetricaltitudeincreasesrapidlywithauincreasein
speed.AtX,000feet,analtitudeerrorof~ feetcorrespondstoan
errorof1 percentofdynamicpressureataMachnmuberof0.5,0.25per-
centataMachnumberof1,aud0.11percentataMachnumberof1.5.
Thus,themethodappearstobemostusefulathighspeeds.

Application.- Inthetestsreportedherein,thealtimeterusedwas
mountedinthecopilot’scocQitinorderthattheoperationofthe
eqtipmentmightbemonitoredaudthegaincontroladjusted.Theresults
showedthatuseofgainsettingshigherthanrecommdeddidnotaffect
theaccuracyandincreasedtheangularlimitsofoperationoftheinstru-
mentandthatadjustmentsb flightwerenotreqpired.Thus,theinstru-
mentscouldbemountedinmy convenientlocationandwouldnotrequire
theattentionofthepilotorreqpiretheinstallationofadditional
equipnenth aualreadycruwdedcoc@itwhenusedinsingle-seataircraft.

Theaugularlimitsestablishedimthepresenttests(tableI)are
believedtoberepresentativeofperformancee attainablewithconventional
installations. Athighersltitudesthanthoseinvestigated(wherehigh
nominalgainsarerequired),theangularramgeswouldbereduced,but
withcarefulplanuingalmostalltheusefulperformancerangeoftheair-
planecouldbeinvestigated.Ifhigheraugularrangesweredesiredfor.
specialpurposes,theusefulrangescouldbechangedbyreorientation
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oftheantennasystem.Forexsmple,theangularramgesinrolland
pitchcouldbeinterchangedbylocatingtheantennasso&t thelong
axiswasperpendiculartoratherthanparalleltotheflightdirection.

Thereferencepulse(seefig.3)isstationaryand,betweenreadings
ofO andabout500feet,obscuresthe&Ltitudepulse.Thisrangeshould
beavoidedinscbedulhglevelornearlylevelruns.Forextendeddives
orclimbswhichcuvermorethan5,000feet,thedatamaybefairedacross
theunreadableregion.

Reference5 givesthemaximumrangeoftheSCR-718d.timeteras
50,000feetbutstatesthatitshouldnotbeoperatedabove45,000feet
unlesspressurizationisprovided.- SCR-71_8altimeterwasdeveloped
about10yearsago;sincethattime,altimetershavinggreaterranges
andbprovedaccuraciesandsetiitivitieshavebeendevelopedbyorfor
themilitaryservices.Itisconsideredthatorganizationscalibrating
airplauescapableofexceedingtheusefulrangeofthesubjectinstru-
mentwouldhaveavailabletothemthemorerecentmodels.

\

CONCLUDINGREMARKS

useina
accuracyofanaircraftradioaltimeterhasbeenevaluatedfor
methodofairspeedcalibrationMfferingfrcmtheradar-

phototheodolitemethodofNACARep.985onlyinthatthegeometricalti-
tudeisobtainedfrcmanaircraftradioalt~ter. Comparisonofgeo-
metricaltitudesindicatedbyanSCR-718-Caircraftradioslthneterwith
measurementsmadebytheNACAradarphototheodoliteunitduringsimu-
latedcalibrationrunsshowedthattheaccuracyoftheradioaltimeter
wasofthesameorderasthatoftheradarphototheodoliteunit;thus~
calibrationsofcxmuparableaccuracycouldbeexpected.

Atnorm&Lgainsettings,thesltimetergavereadable’sigmlsupto
attitudeanglesofabout‘&” rolland‘~” pitch.TheseangularUts
andthereadabiMtyofthe
athigherthannormalgain
affecttheaccuracyofthe
instrumentdidnotrequire
settoa highvalue,could
a recordinginstrument.

signalsweremarkedlyimprovedbyoperation
settings.
altimeter.
adjustment
bemounted

Useofhighgainsettingsdidnot
Theresultsindicatedthatthe
duringflightand,ifthegainwas
awayfrcmthecockpitandusedas

Masmuchasintheproposedmethodallthenecessaryequipmentis
containedwithinthedrplane,thedesiredquantityismeasureddirectly
andrequiresaminimumofcalcliLationsforthedatareduction,thetests
arenotrestrictedtoa smsllareaorexcellentvisibilityconditions,
andtheequipmentrequiredisreadilyavailable,itisbelievedthatthe
methodprovidesa rapidandconvenientmeansforctibratingtheairspeed
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systemofhigh-performanceaircraft.Themethodhasthedisadvantage
thatthetestsmustbeperformedovera largebodyofwater.
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Figure1.- Photographof indicalxmtit of radio altimsxber as installed ,

in copilot ‘s cockpitof E&rplsne.
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F1.gure 2.- Sideview of rightmehge of airplaneshowinglocation

(encircled)of rad.io-al.timterantenuas.
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